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Validation of Synthesized Hypernasal Speech Samples 
So Yuk Ying 
ABSTRACT 
Perceptual evaluation is a gold standard for rating hypernasality. However, the reliability of 
perceptual evaluation of hypernasality has always been an issue, therefore, some suggested 
the use of external anchors during evaluation. The use of anchors could suppress listeners’ 
varied internal standards during evaluation. Therefore, validation of the hypernasal samples 
should be done. Ten speech therapists with at least two years experience were participated in 
the validation process. Two types of synthesized signals were presented: vowel and sentence. 
Participants were asked to take part in the identification test, discrimination test and the 
severity and naturalness rating test. In this study, one moderate vowel stimulus and one 
severe vowel stimulus were successfully validated. However, no sentence stimuli could be 
validated in this study. Further researches on the validation of synthesized hypernasal 
samples and the use of those samples as anchors should be done.  
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Hypernasality is defined as a resonance problem which occurs when the velopharyngeal 
closure is insufficient so that sound waves are diverted to the nasal cavity. As a result, the 
speech produced can be perceived as if coming through the nose (Peterson-Falzone, 
Hardin-Jones & Karnell, 2000). This is common in patients with adductor spasmodic 
dysphonia, flaccid dysarthria and cleft palate (Duffy, 2005; Peterson-Falzone et al., 2000). 
Currently, there are both instrumental and perceptual evaluations for diagnosing the presence 
and the severity of hypernasality. Despite the rapid development of instrumentation, in 
clinical practice, perceptual assessment for hypernasality has still been popular and is served 
as a gold standard as it is convenient, cost-saving and robust (Kent, 1999). However, the 
reliability of perceptual judgment related to hypernasality has been poor (Kent, 1999). 
Therefore, different ways have been suggested, aiming to improve both intra-reliability and 
inter-reliability of perceptual evaluation of hypernasality. One of the suggestions was to use 
external anchors as reference samples during evaluation (Kent, 1996) which would be further 
discussed later.  
Perceptual judgments of voice qualities were known to be multidimensional which 
means that the perception of voice quality involves judgments of several dimensions (Zraick, 
Liss, Dorman, Case, LaPointe & Beals, 2000). Listeners may be affected by acoustics 
properties of the stimuli, their own internal standards and context effects (Gerratt, Kreiman, 
Antonanzas-Barroso & Berke 1993). In acoustic terms, hypernasality was characterized by an 
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increase in amplitude between the first and the second formant frequencies and a decrease in 
amplitude at the second formant frequency (Lee, Ciocca & Whitehill, 2003). Zraick and Liss 
(2000) studied the acoustics of synthesizing nasal vowel from its oral counterpart. They 
concluded that the general characteristics of nasal vowels were the higher first formant 
frequency and the addition of a pole-zero pair which could be done by adding the nasal zero 
in about midway between the first formant and the nasal pole. Another study also showed that 
perception of nasal voice quality was multi-dimensional and was significantly correlated to 
nasalization, intensity and fundamental frequency (Zraick et al, 2000).  
Besides acoustic considerations, according to Kreiman, Gerratt, Kempster, Erman and 
Berke (1993), people acquired their own internal standards for each voice quality, including 
hypernasality, through past experiences to those qualities. However, those standards were 
often unstable within each individual as well as across individuals, leading to poor 
intra-reliability and inter-reliability of perceptual voice assessments. A research carried out by 
Laczi, Sussman, Stathopoulos and Huber (2004) studied the role of experience in perceptual 
evaluation of hypernasality and compared the perceptual ratings of judges with at least 10 
years of experience in assessing hypernasality with judges of less than 1 year of experience. It 
was found out that judges with more experience perceived hypernasality as less severe. 
Furthermore, a research done by Gerratt et al. (1993) investigated the perceptual judgment of 
rough synthesized stimuli. In the study, under the context of relatively large amount of 
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normal and mildly rough stimuli, listeners perceived increasing roughness of moderately 
rough stimuli over time. This showed that listeners’ internal standards could be drifted and 
modified according to the context. Besides, Kent (1996) pointed out that the speakers’ 
articulation, fluency and phonology would influence the listeners’ perception of voice quality. 
Due to the multiple factors that would lead to variability in perceptual evaluation of voice 
qualities, different ways have been suggested, aiming to improve its intra-reliability and 
inter-reliability. One of the suggestions was to use reference samples for evaluation (Kent, 
1996).  
Use of external anchors 
The use of reference samples refers to the provision of a set of standardized stimuli or 
external anchors which can be compared to the client’s voice during evaluation aiming to 
suppress the influence of varying internal standards (Yiu, Murdoch, Hird & Lau, 2002). 
Several researches had been carried out to prove the hypothesis that the provision of external 
anchors during perceptual voice evaluation or perceptual training with anchors could 
eliminate the effect of unstable internal standard and thus, could improve both intra-reliability 
and inter-reliability of perceptual voice evaluation. According to the research carried out by 
Gerratt et al. (1993), external anchors were provided during the rating tasks for roughness and 
it was suggested that external anchors effectively substituted the listeners’ unstable internal 
standards and reduced the context effect. Another research focusing on the effectiveness of 
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external anchors on improving the reliability of the perceptual evaluation of roughness and 
breathiness carried out by Chan and Yiu (2002) found that the use of anchors without training 
resulted in insignificant improvement in reliability and would even be more confusing in 
some cases. However, the combination of anchors with a 30-minute-training could 
significantly improve the reliability of perceptual rating, especially on male voice stimuli. 
Therefore, in general, studies suggested that the use of external anchors has been effective in 
improving reliability.  
In practice, both synthetic and natural pathological voice samples could serve as external 
anchors. A research done by Chan and Yiu (2002) studied the difference in the effectiveness 
of using natural pathological and synthesized signals as external anchors. They found that 
synthesized signals were more effective in the training for improving reliability than natural 
pathological signals. This result was explained by the multi-dimensional nature of natural 
pathological voice in which different voice qualities such as roughness and breathiness may 
co-exist, leading to difficulties in focusing on particular voice quality in question. In contrast, 
individual voice quality could be varied by adjusting corresponding acoustic parameters in 
synthetic signals. Apart from Chan and Yiu (2002), Yiu et al. (2002) agreed that using 
synthesized signals as external anchors has advantages over natural pathological signals in 
terms of the theoretically unlimited number of signals that could be created, possibility of 
creating different degrees of abnormalities by varying the parameters, and the reproducibility 
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of particular stimuli. Despite the above mentioned advantages of using synthesized signals, 
Yiu et al. (2002) stated its limitations and they were the reduced naturalness of the 
synthesized signals, i.e. failing to resemble human voice, and the restricted availability of the 
synthesis parameters in the synthesizer. In general, synthesized signals have advantages over 
natural pathological signals. Therefore, in this study, synthesized signals were used.  
Apart from the considering the use of synthetic or natural pathological voice samples, 
researchers may also have different preferences in using sustained vowels and connected 
speech as anchors. It was suggested that sustained vowels could be controlled and 
standardized more easily as they were less confounded by articulatory aspects, therefore, 
listeners could focus on the voice quality alone (Krom, 1994). On the other hand, connected 
speech was believed to provide a better representation of conversation speaking voice (Chan 
& Yiu, 2002). Also, in clinical practice, asking the client to produce vowel alone could be 
unnatural and may elicit certain atypical vocal behaviours (Zraick & Liss, 2000). Considering 
the possible advantages of each type of stimuli, both vowel and sentence were synthesized in 
this study. 
However, there were no validated synthesized hypernasal voice samples for both vowel 
and sentence in spite of its possible usefulness in improving reliability of perceptual 
judgment of hypernasality. Therefore, validation of synthesized hypernasal voice samples 
was targeted in the current study.  
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Aims of this study 
Researches studying the usefulness of external anchors in improving reliability carried 
out by Gerratt et al. (1993) focused on roughness whereas Chan and Yiu (2002) focused on 
roughness and breathiness. As mentioned in the beginning, perceptual evaluation of 
hypernasality is also common in clinical practice in spite of its poor reliability, improvement 
should be attempted. As we could see from the usefulness of external anchors in enhancing 
reliability in perception judgments of roughness and breathiness, validated synthesized 
hypernasal samples could also be used for training, aiming to increase both intra-rater and 
inter-rater reliability of perceptual evaluation of hypernasality. Therefore, in this study, 
synthesized hypernasal samples were created for validation. In the study by Zraick and Liss 
(2000), hypernasal vowel stimuli resembling a range of hypernasality levels were synthesized 
using the Klatt formant synthesizer, KLSYN88. However, there were still no validated 
synthesized hypernasal samples for both vowel and connected speech. In the present study, 
validation of synthesized hypernasal vowel samples into different levels of severity (mild, 
moderate and severe) was attempted. Considering the possible advantages of using connected 
speech as external anchors, another goal of this study was to validate synthesized hypernasal 
sentences representing connected speech. If the synthesized samples could be validated 
successfully, they could ultimately be used as external anchors to improve reliability during 
perceptual evaluation of hypernasality.  
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Method 
Preparation of stimuli 
The hypernasal stimuli were synthesized using the High-level Parameter Speech 
Synthesis System (HLsyn) in a Microsoft Window platform. The HLSyn system was a 
synthesis system originated from a Klatt synthesizer with the addition of some ‘high-level’ 
synthesis parameters. In the present study, only the ‘low-level parameters’, i.e. the original 
parameters, were used.  
Two types of stimuli – vowel /i/ and sentence /pa1 pa1 ta2 kɔ1 kɔ1/ - were synthesized. 
The vowel /i/ was used as stimuli in most previous similar studies, therefore, in this study, the 
vowel /i/ was also used, enabling comparison with previous studies. The sentence /pa1 pa1 
ta2 kɔ1 kɔ1/ was chosen because all the consonants are non-nasal and the vowels are all basic 
vowels. This eliminates any influence on the judgment of hypernasality due to nasal 
consonants.  
Six vowels (namely normal and vowel A to E) and nine sentences (namely normal and 
sentence A to H) were synthesized representing hypernasality ranged from normal to severe. 
The number of synthesized vowel and sentence stimuli was restricted to six and nine 
respectively because the values of the parameters extending certain values would sacrifice the 
naturalness and acoustic properties of the phonemes. The fundamental frequencies of the 
signals resembled male adult voice. Frequency of the first formant, second formant, nasal 
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pole and nasal zero, bandwidth of the first formant, nasal pole and nasal zero, were varied 
based on the study by Zraick and Liss (2000) to produce samples with different severity 
levels. To eliminate any extraneous factors that would impose effects on the perception of the 
signals, constant intensity of 70dB and constant presentation duration of 3 seconds for the 
vowels were used. (See Table 1, 2a, 2b & 2c) 
Table 1. Synthesis values of each vowel stimulus 
       Parameter modified (Hz)a      
Stimuli Fo F1 F2 B1 FNP FNZ BNP BNZ 
normal 1510 312 2290 82 500 500 200 200 
A 1510 280 2500 110 600 900 150 250 
B 1510 263 2545 98 720 1060 150 250 
C 1510 246 2590 86 840 1220 150 250 
D 1510 230 2635 74 960 1380 150 250 
E 1510 213 2680 62 1080 1540 150 250 
a Fo = fundamental frequency, F1 = first formant frequency, F2 = second formant frequency,  
B1 = first bandwidth, FNP = frequency of nasal pole, FNZ = frequency of nasal zone,  
BNP = bandwidth of nasal pole, BNZ = bandwidth of nasal zone 
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Table 2. Synthesis values of the prototype sentences  
2a) /pa/ 
        Parameter modified (Hz)     
syllable stimuli Fo F1 F2 B1 FNP FNZ BNP BNZ 
 normal 1265 523 1300 201 749 500 80 200 
 A 1265 515 1323 195 809 580 80 200 
 B 1265 506 1345 189 869 660 80 200 
 C 1265 498 1368 183 929 740 80 200 
/pa/ D 1265 489 1390 177 989 820 80 200 
 E 1265 481 1413 171 1049 900 80 200 
 F 1265 473 1435 165 1109 980 80 200 
 G 1265 467 1458 159 1169 1060 80 200 
 H 1265 459 1481 153 1229 1140 80 200 
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2b) /ta/         
        Parameter modified (Hz)  
syllable stimuli Fo F1 F2 B1 FNP FNZ BNP BNZ 
 A 1070 514 1323 195 785 580 80 200 
 B 1070 505 1345 189 845 660 80 200 
 C 1070 496 1368 183 905 740 80 200 
/ta/a D 1070 488 1390 177 965 820 80 200 
 E 1070 480 1412 171 1025 900 80 200 
 F 1070 471 1435 165 1085 980 80 200 
 G 1070 463 1458 159 1145 1060 80 200 
 H 1070 455 1481 153 1205 1140 80 200 
a /ta/ is a high-falling-rising tone, therefore, the frequency values change within the vowel 
duration and only the mean values were presented. 
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2b) /kɔ/          
    Parameter modified (Hz)   
syllable stimuli Fo F1 F2 B1 FNP FNZ BNP BNZ 
 A 1269 498 953 194 640 580 80 200 
 B 1269 490 975 188 700 660 80 200 
 C 1269 481 998 182 760 740 80 200 
/kɔ/ D 1269 473 1020 176 820 820 80 200 
 E 1269 465 1043 170 880 900 80 200 
 F 1269 458 1065 164 940 980 80 200 
 G 1269 450 1088 158 1000 1060 80 200 
 H 1269 442 1111 152 1060 1140 80 200 
 
There were three parts in the study: an identification test, a discrimination test and a 
severity and naturalness rating test.  
Participants 
Ten speech therapists participated in the main study. They were all native Cantonese 
speakers and with normal hearing. All of them have worked as speech therapists for at least 
two years. 
Procedures 
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All stimuli were presented binaurally via headphones (Sennheiser, HD25-1). Stimuli for 
the identification test and discrimination test were presented through E-prime and those for 
the severity and naturalness rating task were presented through an Excel-based program. 
Identification test 
This test was to ensure that the synthesized samples can be perceived as hypernasal. The 
participants were asked to identify whether hypernasality was present in each presented 
stimulus. For vowels, one normal and five hypernasal samples were presented; for sentences, 
one normal and eight hypernasal samples were presented. Each stimulus was presented twice 
and a total of 30 stimuli were presented. The computer program E-prime was used for 
presentation. There were two blocks of stimuli: vowel and sentence. Presentation order of the 
blocks as well as the stimuli in each block was randomized. The identification test took 
around five minutes to complete.  
Discrimination test 
This test aimed to ensure that the synthesized hypernasal samples were perceptually 
distinguishable. Participants were required to identify whether each pair of stimuli was 
identical or different in terms of their hypernasal quality. A total of 22 pairs of vowels and 30 
pairs of sentences including both identical and different pairs were presented. There were two 
stages with different levels of difficulty for discrimination for each type of stimuli. The 
stimuli were first ranked in the order of severity. In the first stage, each stimulus was paired 
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with a stimulus that was two levels more severe, i.e. vowel A was paired with vowel C. The 
participants would proceed to the second stage only if he/she was able to identify differences 
in 80% of the ‘different pairs’ in the first stage. The second stage included pairs of stimuli 
with consecutive severity level, i.e. vowel A was paired with vowel B. The participants were 
informed that the number of ‘identical pairs’ and ‘different pairs’ may or may not be the same. 
There were two blocks of stimuli: vowel and sentence. Presentation order of the blocks as 
well as the stimuli in each block was randomized. The discrimination test took around 25 
minutes to complete.  
Severity and naturalness rating 
This test aimed to obtain the severity ratings of the hypernasal samples and to 
investigate the degree of naturalness of these samples. The participants were asked to rate the 
severity of hypernasality and naturalness of the presented stimuli using a 10-cm long visual 
analogue scale (VAS). A comparison of the use of equal appearing interval (EAI) and direct 
magnitude estimation (DME) in judging nasal voice quality was done by Whitehill, Lee and 
Chun (2002) and it was suggested that the use of both DME-with modulus and DME-without 
modulus resulted in higher intra-reliability and inter-reliability. Therefore, VAS whose 
mechanism is similar to DME-without modulus, was used in this study. The participants were 
asked to rate by using two 10-cm long scroll bars shown on the computer screen. The 
extreme left side referred to no hypernasality/ natural while the extreme right referred to the 
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most severe level of hypernasality/ very unnatural. The participants were allowed to listen to 
the stimuli for unlimited times. Each stimulus was rated twice for assessing intra-rater 
reliability. Vowels were presented before sentences and stimuli within each block were 
presented in random. 
Results 
 In the following, synthesized samples that could be identified as hypernasal and could be 
perceptually distinguished would be discussed. Then, the severity and naturalness ratings of 
the stimuli would be presented. Intra-reliability and inter-reliability of the severity ratings 
were also illustrated. Besides, correlation between severity and naturalness of the synthesized 
samples was investigated.  
Identification test 
 Figure 1 illustrated the percentage of judgments that identified the stimuli as hypernasal. 
Stimuli that were judged as hypernasal by 80% of the participants were regarded as 
hypernasal stimuli. For vowel stimuli, vowel C, D and E were treated as hypernasal; for 
sentence stimuli, sentence D, E, F, G and H were treated as hypernasal.  
Discrimination test 
For the discrimination of vowel stimuli, all participants achieved more than 80% 
accuracy in discriminating all vowel pairs in stage one (pairs of stimuli with 
two-severity-level differences) and entered stage two (pairs of stimuli with consecutive 
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severity level). In stage two, the vowel pairs – ‘normal and A’, ‘C and D’ could be 
discriminated by more than 80% of the participants (see figure 2a & 2b). 
 
 
Figure 1. Percentage of judgments detecting the presence of hypernasality. (a: vowel; b: 
sentence) 
For the discrimination of sentence stimuli, only one of the participants achieved more than 
80% accuracy in discriminating the sentence pairs in stage one and entered stage two. In 
stage one, the sentence pairs – ‘normal and B’, ‘A and C’ could be discriminated by more 
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than 80% of the participants (see figure 2c). In stage two, only the sentence pair ‘A and B’ 
could be discriminated by the single participant that could enter stage two.  
Severity and naturalness rating 
 The participants were asked to rate the severity and naturalness of the vowel and 
sentence stimuli on a 10-cm VAS scale. The mean, range and standard deviation of the 
severity ratings were calculated and illustrated in table 3. The mean of vowel and sentence 
stimuli ranged from 1.50 to 7.27 and 2.73 to 8.33 respectively. Besides the severity of 
hypernasality, naturalness of the stimuli was also rated. A rating of zero represented natural 
whereas a rating of ten represented very unnatural quality. For vowels, the mean, range and 
standard deviation of the naturalness ratings were 2.93, 1.22 to 4.73 and 1.15 respectively. 
For sentences, the mean, range and standard deviation of the naturalness ratings were 4.52, 
2.90 to 6.56 and 1.39 respectively. 
Each stimulus was rated twice and the intra-rater reliability was calculated by the 
percentage of plus or minus 1 cm agreement. For vowels, the mean percentage of agreement, 
its range and standard deviation were 52%, 17% to 100% and 0.27 respectively. For 
sentences, the mean percentage of agreement, its range and standard deviation were 61%, 
11% to 89% and 0.26 respectively. Inter-rater reliability was also calculated by Cronbach’s 
alpha. The alpha values were 0.89 and 0.93 for vowel and sentence respectively.  
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Figure 2. Percentage of participants able to discriminate between two different stimuli. (a: 
stage 1 of vowel stimuli; b: stage 2 of vowel stimuli; c: stage 1 of sentence stimuli) 
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Table 3. Mean, range and standard deviation of severity rating in vowels and sentences. 
   Severity Rating  
Stimuli Minimum Mean Maximum S. D.  
Vowel normal 0.00 1.50  3.30 1.93  
 A 0.45 3.52  6.95 2.26  
 B 0.55 4.17  7.95 2.50  
 C 1.50 4.71  8.40 2.64  
 D 2.25 5.50  8.85 2.10  
 E 4.75 7.27  9.70 1.69  
      
Sentence normal 0.00 2.73  7.50 2.99  
 A 0.00 2.78  6.35 2.50  
 B 0.65 3.75  8.00 2.28  
 C 1.50 4.54  8.00 2.18  
 D 1.75 5.29  9.30 2.57  
 E 3.85 6.19  9.00 1.57  
 F 3.35 6.85  9.95 2.15  
 G 5.30 7.49  9.85 1.47  
  H 6.80 8.33  9.35 0.93  
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The ratings of severity and naturalness were shown in figure 3. The correlation between 
severity and naturalness ratings were calculated by Pearson’s correlation coefficient. The 
coefficients for vowel and sentence were 0.99 and 0.94 respectively indicating strong 
correlations between severity and naturalness. The correlation coefficients were significant at 
the 0.01 level. This indicated that the more hypernasal the more unnatural the stimuli. 
 
 
Figure 3. Mean rating of severity and naturalness of the sentence stimuli. (a = vowel; b = 
sentence) * Naturalness rating 0 = natural; naturalness rating 10 = very unnatural 
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Discussion 
This study aimed to validate synthesized hypernasal voice samples so that they could be 
used as anchors, in order to improve the reliability of perceptual evaluation of hypernasality. 
The validation process consisted of three parts: identification test, discrimination test and 
severity and naturalness rating test.  
For vowel stimuli, in the identification test, vowel C, D and E were identified as 
hypernasal by at least 80% of the participants. In the discrimination test, the vowel pairs 
‘normal and B’, ‘A and C’, ‘B and D’, ‘C and E’, ‘normal and A’ and ‘C and D’ were 
perceptually distinguished by at least 80% of the participants. Therefore, combining the 
results of the two tests, vowel C and E were treated as hypernasal vowel stimuli which could 
be discriminated perceptually. The mean severity ratings for vowel C and E were 4.71 and 
7.27 respectively (see table 3). The severity ratings of 4.71 and 7.27 represented moderate 
and severe level respectively. In conclusion, two synthesized vowel stimuli resembling 
moderate and severe level of hypernasality were synthesized and validated in this study. This 
showed that HLsyn was able to synthesize hypernasal /i/ stimuli with moderate and severe 
level by varying its parameters. However, there were no validated hypernasal vowel stimuli 
of mild severity. According to table 3, the mean severity ratings of vowels sentences ranged 
from 1.50 to 7.27. However, vowel stimuli with milder severity levels, e.g. vowel A and B, 
were not successfully identified as hypernasal by 80% of the participants. This could be 
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attributed to the listener’s unfamiliarity on the voice quality of synthesized voice signals. This 
could be improved by presenting the synthesized ‘normal’ stimuli to the participants as a 
reference in the beginning of the tests. Also, in a research done by Zraick et al (2000), they 
presented all synthesized stimuli to the participants before the tests so as to familiarize the 
participants with the quality of synthesized voice samples.  
 For sentence stimuli, in the identification test, sentence D, E, F, G and H were identified 
as hypernasal by at least 80% of the participants. In the discrimination test, the sentence pairs 
‘normal and B’ and ‘A and C’ were perceptually distinguished by at least 80% of the 
participants. As done in vowels, combining the results of the two tests, no sentence stimuli 
could be used as hypernasal sentence stimuli that could be discriminated perceptually. In 
other words, no sentence stimulus was validated in this study. According to table 3, the mean 
severity ratings synthesized sentences ranged from 2.78 to 8.33. This indicated that a great 
range of severity covering from mild to severe level could be perceived by the participants. 
However, stimuli with milder severity levels, e.g. sentence A to C could not be identified as 
hypernasal in the identification test and stimuli with more severe hypernasality could not be 
discriminated in the discrimination test. Thus, sentence stimuli could not be successfully 
validated in this study. Similar to vowel stimuli, unfamiliarity to synthesized voice samples 
could contribute to the failure in identifying hypernasality in stimuli with milder severity 
levels. For the discrimination test, it was seen that sentence stimuli were more difficult for 
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participants to discriminate perceptually. This could be explained by the presence of more 
distracting factors in sentences when comparing with a vowel, for example, varying 
intonation in sentences and the presence of meaningful words, which could have hindered the 
participants’ concentration in discriminating differences between the presented stimuli pairs. 
This can be improved by increasing the difference in the pairs, i.e. pairing sentence A and D, 
or to provide trials to the listeners before administering the real study. It was also reported by 
some participants that the repeated rapid presentation of the same sentence led to fatigue and 
would affect the effectiveness of discriminating the two different stimuli. This could be 
solved by allowing the participants to control the presentation of the stimuli by themselves, 
so that they could listen to the stimuli pairs unlimited times and with their desired rate. 
However, this would result in a longer duration in the discrimination test.  
Reliability 
 Inter-rater reliability was measured by Cronbach’s alpha in this study. It measured the 
consistency among individual items in a scale. The alpha values for vowel and sentence were 
0.89 and 0.93 respectively representing high consistencies among raters in their ratings in the 
VAS.  
Intra-rater reliability measured the consistency of rating within each rater. In this study, 
the mean percentage of plus or minus 1 cm agreement for vowels and sentences were 52% 
and 61% respectively which represent moderate level of agreement. However, the lowest 
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mean percentage agreement for vowels and sentences were 17% and 11% respectively which 
implied the presence of participants with extremely low intra-rater reliability. These 
intra-rater agreement values were lower than those found in a research done by Zraick et al 
(2000) which reported intra-rater agreement value ranged from 70% to 98%. This 
discrepancy could be explained by the difference in the use of scale in the two studies. In the 
study of Zraick et al (2000), a 7-point equal appearing scale (EAI) was used whereas a visual 
analog scale (VAS) was used in the current study. There were different views about the 
validity of using both scales. A research done by Yiu and Ng (2004) suggested that the 
intra-rater agreement was significantly higher when using an 11-point EAI scale than a 10-cm 
VAS. However, a research by Zraick and Liss (2000) suggested that direct magnitude 
estimation (DME), whose mechanism is similar to VAS, resulted in more consistent and 
reliable nasality ratings when compared to EAS. Besides the difference in the choice of scale, 
the current low intra-rater agreement data could be explained by context effect which referred 
to the drift of listeners’ internal standards according to the previous presented stimuli. As 
there were no stimuli for the participants to ‘recalibrate’ their internal standards, it was 
possible that they used the previous presented stimuli as a reference to rate the next presented 
stimuli. The participants in this study were speech therapists from Department of Speech and 
Hearing Sciences of The University of Hong Kong, Child Assessment Centre, private clinic 
and special schools, it was possible that their exposure to hypernasality was inadequate. This 
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would lead to inconsistent internal standards, thus, resulted in low intra-rater agreement.  
Naturalness 
 Naturalness was studied due to the reported difficulty for synthetic voice samples in 
approximating human voice. It was one of the disadvantages of using synthesized voice 
samples for both research and clinical purposes. In this study, naturalness was rated in a 
10-cm VAS scale where 0 cm referred to natural and 10 cm referred to very unnatural. The 
mean ratings of naturalness of vowels and sentences were 2.93 and 4.52 respectively. It could 
be seen that sentences were more unnatural to the listeners. In human voice, voice qualities 
varied across connected speech due to consonant articulation, use of vowels or prosody. To 
minimize this problem, the parameters controlling hypernasality were adjusted only at the 
vowel of every consonant-vowel word. However, consonant distortion was still present in the 
sentences and might lead to unnaturalness. Besides, the ratings of naturalness were highly 
correlated to the severity ratings. This result suggested that the adjusted parameters affected 
the degree of hypernasality as well as the naturalness of the stimuli.  
Further Research and Clinical Implication 
 Concerning the poor reliability of perceptual evaluation of hypernasality, it is worth to 
pay effort on further researches on the use of synthesized signals as external anchors for the 
training of the perception of hypernasality. To achieve this ultimate goal, validation of 
synthesized voice signals has to be done. This study took a first step in the validation process 
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and improvements should be done during the process. Since a full range of synthesized 
signals with different severity levels has been created, studies could use these anchors during 
perceptual rating to investigate whether the use of anchors could improve reliability of 
assessing hypernasality. Also, studies on whether training with anchors is effective in 
improving reliability of hypernasality could also be done.  
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